Purpose Long non-coding RNAs (lncRNA) are involved in oncogenesis and tumor progression in various tumor entities. At present, little is known about the role in tumor biology of the lncRNA Fer-1 like family member 4 (Fer1L4) in clear-cell renal-cell carcinoma (ccRCC). The aim of this study is to evaluate the expression of Fer1L4 in patients with ccRCC, its association with clinicopathological parameters, and value as prognostic biomarker. Material and methods The expression of Fer1L4 was analyzed in the TCGA ccRCC cohort (n = 603; ccRCC n = 522, normal n = 81) and subsequently validated by quantitative real-time PCR in an independent cohort (n = 103, ccRCC n = 69, normal n = 34). Expression profiles were statistically correlated with clinicopathological and survival data. Results Fer1L4 lncRNA is overexpressed in ccRCC compared to adjacent normal tissues. Increased expression significantly correlates with tumor aggressiveness: high expression levels of Fer1L4 RNA were found in higher grade, higher stage, and metastatic tumors. Furthermore, Fer1L4 overexpression is an independent prognostic factor for overall, cancer-specific, and progression-free survival of patients with ccRCC.
Introduction
Long non-coding RNAs (lncRNAs) are defined as transcripts with a length > 200 nucleotides that are not transcribed into proteins [1] . The expression level of lncRNAs is about tenfold lower compared to the expression of mRNAs with markedly higher tissue specificity [2] . The aberrant expression level of lncRNAs is attributed to a high cell-to-cell variation in the expression of lncRNA genes in different cells [3, 4] . They are involved in transcriptional regulation of gene expression and thus convey their function in cell biology. Previous studies have shown that altered lncRNA expression has an effect on oncogenesis whereby they are emerging as potent regulators of tumor development [5] [6] [7] [8] . Expression of different types of lncRNAs has also been reported in ccRCC [9, 10] .
Recently, the lncRNA Fer-1 like family member 4 (Fer1L4) was shown to play a role in tumor biology. It was demonstrated that Fer1L4 influences cell proliferation as a tumor suppressor by acting as a competing endogenous RNA [11] [12] [13] . In various tumor entities such as gastric cancer, ovarian cancer, endometrial carcinoma, lung cancer, and osteosarcoma, expression of Fer1L4 was found to be decreased [12] [13] [14] [15] [16] , whereas upregulation was reported in human glioblastoma and breast cancer [17, 18] . The detailed molecular and functional mechanism of its regulatory
properties is yet unclear. In the absence of any data regarding to the role of Fer1L4 in renal-cell carcinoma (RCC) [17] , our study was designed to explore the expression pattern of Fer1L4 in RCC and corresponding normal tissues to investigate its influence on tumor biology and impact on patients' survival.
Material and methods
The cancer genome atlas (TCGA) cohort Absolute RNA expression (RNAseq data) and clinical data from patients with clear-cell renal-cell carcinoma (ccRCC) were extracted from TCGA by TCGA browser (https :// tcgab rowse r.ethz.ch:3839/TEST/; v0.9.2). 603 samples of patients with available mRNA expression and clinical data were available (522 ccRCC and 81 normal).
Validation cohort
We collected 103 renal tissue samples (69 ccRCC and 34 normal adjacent renal tissue) from patients who underwent radical or partial nephrectomy between 1997 and 2014 at the Department of Urology at the University Hospital Bonn. Normal adjacent renal tissue samples were taken from the normal tissue of the tumor-bearing removed kidney. Freshfrozen tissues were stored at − 80 °C. Tissues were collected within the framework of the Biobank at the Center for Integrated Oncology Cologne-Bonn. The clinicopathological parameters of the patients are shown in Table 1 .
RNA isolation
Total RNA from fresh-frozen tissues was isolated using mir-Vana™ miRNA Isolation Kit and then treated with DNA-free™ Kit (both Ambion, Foster City, CA, USA). After isolating the total RNA from cells using Total RNA Purification Mini Spin Kit (Genaxxon bioscience, Münster, Germany), the NanoDrop 2000 spectrophotometer was used to determine RNA quantity and quality (Thermo Fisher Scientific Wilmington, DE, USA). Additionally, RNA integrity of all samples was investigated by agarose gel electrophoresis. Afterwards, cDNA transcription was performed using 1 µg total RNA (PrimeScript™ RT reagent Kit with gDNA Eraser; Takara Bio, Saint-Germain-en-Laye, France).
Real-time PCR
To determine the lncRNA expression profile of Fer1L4, we performed quantitative real-time PCR (qRT-PCR). Each qPCR was conducted with 5 ng/µl cDNA template and 10 pmol/µl of each forward and reverse primer using SYBR ® Premix Ex Taq™ II with ROX Plus (Takara Bio, Saint-Germain-en-Laye, France). PCR experiments were performed on an ABIPrism 7900 HT Fast Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). The following primer sequences were used: Fer1L4 (forward ACA-CAG-TCC-TTG-TGG-GTT-CC; reverse CCT-GTC-TCC-TCC-ATC-TCT-CC). Obtained data were analyzed using Qbase + software (Biogazelle, Ghent, Belgium) with ACTB and PPIA as reference genes in the 2 −ΔΔC T algorithm. Both genes were shown to be suitable reference genes for RCC studies [19, 20] .
Ethical approve
The study was approved by the local ethics committee (vote number: 045/17) and written pre-operative informed consent was obtained from all patients before enrollment.
Statistical analyses
Statistical analyses (Mann-Whitney U test, Cox regression analyses) were performed using SPSS Statistics v24 (IBM, Ehningen, Germany). To calculate optimal cut-off values for lncRNA expression of study cohort, the survMisc package for R (based on consecutive evaluation of all available cutoffs using univariate Cox regression) was used. . a Fer1L4 expression in the TCGA cohort: lncRNA expression is overexpressed in tissue of ccRCC compared to adjacent normal renal tissue (p < 0.001). Higher expression levels were observed in higher stage (p = 0.017), higher grade (p = 0.046), and metastatic ccRCC tumors (p = 0.034). b Fer1L4 expression in the validation cohort: confirmed overexpression in ccRCC tissue (p < 0.001). High expression levels were significantly associated with advanced disease stages (pT stage p = 0.009; AJCC stage p = 0.028)
Results

Analysis of the TCGA data
In the TCGA cohort, Fer1L4 expression levels were significantly higher in ccRCC tissues than in normal samples (p < 0.001, Fig. 1a ). High lncRNA expression was positively correlated with indicators of tumor aggressiveness: pT stage (p = 0.017), AJCC stage (p = 0.014), grade (p = 0.046), and the presence of metastatic disease (p = 0.034, Fig. 1a ). Increased Fer1L4 expression levels were negatively predictive for overall survival (OS) as determined using Kaplan-Meier estimates (log rank p < 0.001, Fig. 2a ). Furthermore, univariate (HR 1.799, 95% CI 1.29-2.52, p = 0.001) and multivariate Cox regression analysis (HR 1.734, 95% CI 1.23-2.44, p = 0.002) indicated that increased Fer1L4 expression was a significant and independent predictor of shortened overall survival in patients with ccRCC. See Table 2 .
Validation of Fer1L4 expression as prognostic biomarker
To validate the findings from the TCGA cohort, ccRCC and normal adjacent renal tissues were examined by qPCR. As expected, we detected increased Fer1L4 levels in ccRCC compared to normal tissues (p < 0.001, Fig. 1b ). Fer1L4 allowed discrimination of malignant and normal renal tissue with high sensitivity 73.2% and specificity 95.5% as determined using ROC analysis (area under curve 0.846, 95% CI 0.846-0.952). Additionally, Fer1L4 expression was associated with advanced disease: increased Fer1L4 expression was positively correlated with pT stage (p = 0.009, Fig. 1b ) and AJCC-stage (p = 0.028, Fig. 1b ). Finally, high Fer1L4 expression was predictive for progression-free survival (PFS, log rank p = 0.008), cancer-specific survival (CSS, log rank p < 0.001), and overall survival (OS, log rank p < 0.001); see Fig. 2b expression dichotomised using optimized expression cut-off. Overexpression is predictive for overall survival (log rank p < 0.001), cancerspecific survival (log rank p < 0.001) and progression-free survival (log rank p = 0.008) (Tables 3, 4, 5) , with higher expression meaning poor survival.
Discussion
More than 270,000 lncRNA transcripts exist in humans and their functional roles are poorly understood so far [5] . lncRNAs regulate gene expression at the level of chromatin modification, transcription, and post-transcriptional processing [21] [22] [23] . Furthermore, several studies have described a potential oncogenic role in various malignancies including renal-cell carcinoma [9, 10] .
To get a better understanding of ccRCC pathogenesis, we studied Fer1L4 expression in the TCGA dataset as well as in an independent ccRCC cohort from the University Hospital Bonn. Fer1L4 expression was increased in study cohort in ccRCC tissue compared to normal renal tissue. In addition, Fer1L4 expression has the potential as prognostic tissue biomarker for ccRCC: increased levels were observed in advanced staged and less-differentiated ccRCCs. Furthermore, Fer1L4 expression was an independent predictor of PFS, CSS, and OS in ccRCC patients. A recent study analyzed Fer1L4 in a pan-cancer study and demonstrated similar findings for a subset of RCC patients [17] .
Earlier studies investigated the expression and possible influence of Fer1L4 on tumorigenesis in various other tumor entities. Despite the general assumption of its function as a tumor suppressor, both underexpression and overexpression of Fer1L4 have been described. In colon and gastric carcinoma, Fer1L4 exerted a tumor suppressive effect as ceRNA which regulates the expression of PTEN via the release of miR-106-5p [11, [24] [25] [26] . Studies in osteosarcoma, lung cancer, and hepatocellular cancer indicated that Fer1L4 suppresses proliferation and induces apoptosis in vivo and in vitro by inhibiting the Pi3K/AKT pathway [16, [27] [28] [29] . However, compared to this, other experiments demonstrated oncogenic properties of Fer1L4. In glioma cells, the regulation of miR-372 and E2F1 appeared to be one molecular mechanism of the oncogenic effect. Fer1L4 acted as a ceRNA that interacts with miR-372 and thus upregulates E2F1 resulting in promotion of cell cycle and proliferation [30] . Additionally, siRNA-mediated knockdown of Fer1L4 decreased invasiveness of glioblastoma cells and induced apoptosis [18] . In breast cancer, upregulation of Fer1L4 is linked to HR hazard ratio, 95% CI 95% confidence interval a Dichotomisation is based on the best cut-off for lncRNA expression b Despite the lack of significance based on the small data set, the parameter was included as an established prognostic parameter in the multivariate cox regression analyses c G1 patients were excluded as they basically have an excellent survival and thus distorted the statistics for G2-4 promoter hypomethylation suggesting that Fer1L4 expression is epigenetically regulated [17] . Taken together, Fer1L4 expression is different in various tumor entities and may exercise as well as oncogenic and tumor suppressive effects. This heterogenic influence of Fer1L4 on oncogenesis shows that its function on tumor biology is yet incompletely understood. Our work presents a comprehensive expression analysis of Fer1L4 in clear-cell renal-cell carcinoma and its influence on clinicopathological parameters and survival highlighting the role of Fer1L4 as a prognostic tissue biomarker. Though, for a precise evaluation of the influence on tumor biology of ccRCC, functional analyses under consideration of the underlying signal pathways are mandatory.
Conclusion
Our study shows that the lncRNA Fer1L4 is significantly overexpressed in ccRCC tissue, and that high Fer1L4 expression levels are indicative for tumor aggressiveness and cancer recurrence. Furthermore, Fer1L4 is a prognostic biomarker for patients with ccRCC that appears to exert properties as an oncogene. Further functional investigations are warranted to investigate Fer1L4 molecular mechanisms in ccRCC and its value as a potential therapeutic target. Author contributions AC: data collection and management, data analysis, manuscript writing, and editing; YT: data analysis, critical revision, and editing of manuscript; GK: data management, revision, and approval; MR: project supervision, revision, and approval; JE: project development, data management and analysis, critical revision, and editing of manuscript.
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